While investment in territory defence is expected to be influenced by its benefits, the additional role that costs may play is rarely considered. Here, we quantify both benefits and costs of repelling prospecting males in cooperative meerkats, and demonstrate that both are required to explain the substantial variation in individual contributions to the defence observed. Males benefit more from repelling prospectors than females, as males may lose dominance and be expelled during intrusions. Accordingly, males invest the most in repelling prospectors. We also show that males experience an associated cost in the form of reduced weight gain and, as such, heavier males contribute more to chasing prospectors. Finally, we show evidence of a cost not restricted to individuals engaged in chasing: both males and females reduce their contributions to feeding dependent pups when prospectors are present, resulting in a reduction in pup weight gain in this context. Males appear to adjust their contributions to chasing in light of this cost, chasing at lower rates when their group contains dependent young. Our findings support the view that investment in cooperative behaviours can be attributed to benefits and costs, and highlight the additional importance of considering trade-offs in investment between cooperative behaviours.
INTRODUCTION
Group-living species regularly defend territories and the resources within them from intrusions by conspecific rivals [1 -3] , with individual group members often differing markedly in their contributions [4, 5] . Differential benefits may play a key role in mediating these differences in contributions to territory defence: territorial intruders are often in search of breeding opportunities [6] , and, consequently, aggression by resident individuals towards intruders is typically sex-specific [7] and can be influenced by social status, which may determine access to breeding opportunities [8, 9] . Few studies, however, have considered the likely additional importance of the costs of territorial defence for understanding individual differences in investment [10] . Repelling intruders is expected to entail not only risk to self and energetic costs [5, 11, 12] , but may also entail more complex costs through trade-offs with other key behaviours (e.g. parental care [13] ). Measuring these costs along with the benefits should help to advance our understanding of the causes of individual differences in cooperative contributions to territory defence [10, 14] .
While the costs of repelling intruders may be determined primarily by the level of investment in high-energy or high-risk territorial behaviours (e.g. chasing and fighting [11, 15] ), the negative effects of territorial intrusions may be widespread across the group. The presence of territorial intruders can be disruptive to normal group activities, with resident individuals engaging in low-risk territorial behaviours at times when they might otherwise have been foraging [3, 16] . In addition, as many territorial intrusions occur during the breeding season [6] , investment in territorial behaviours may come at the expense of investment in activities related to the rearing of young [13] , particularly in species that produce multiple litters within an extended breeding season. Measuring these potential effects of the presence of territorial intruders, in terms of individual changes in body mass and contributions to the care of dependent young, is essential for understanding the overall costs of repelling intruders. Our limited understanding of costs of this kind is doubtless due in part to the difficulties in observing and identifying individual group members during interactions with intruders in the wild [7, 17] , and simultaneously monitoring changes in state and contributions to care.
In this study, we investigate individual variation in contributions to territorial defence, quantify both its benefits and costs in the cooperatively breeding meerkat, (Suricata suricatta), and consider the extent to which these benefits and costs appear to have shaped the patterns of contributions observed. Meerkats live in groups of up to 50 individuals, where a single, typically unrelated, dominant pair largely monopolizes within-group reproduction, and close inbreeding is avoided [18, 19] . Dispersal is delayed beyond the age of sexual maturity in both males and females, who remain in their natal groups as subordinate helpers [20, 21] , but subordinate males conduct extraterritorial prospecting forays throughout the breeding season [22] . Prospecting males regularly approach foreign groups, and attempt to mate with dominant and subordinate females, which can lead to appreciable levels of extra-group paternity [19, 22] . These events may not only reduce dominant male reproductive success [19] , but also increase reproductive conflict between dominant and subordinate females, as subordinates typically lack unrelated breeding partners in their natal group [18] . Prospecting males have also been reported to take over established breeding groups [19, 23] , and previous studies suggest that resident males respond aggressively to intrusions by prospectors [23] [24] [25] . However, the factors that affect individual contributions to prospector repulsion have yet to be investigated, the benefits of such behaviour remain poorly understood and its costs are entirely unexplored.
Given that prospectors typically approach groups that are actively foraging, territorial behaviours by residents may be expected to affect energy expenditure and reduce the time individuals are able to spend foraging. However, if the presence of prospecting males is disruptive to a group's overall investment in foraging, reductions in time spent foraging (and, consequently, lower weight gain rates) may extend to the whole group. Meerkat pups start foraging with the group when they are about 30 days old, but remain nutritionally dependent on food provisioned by older group members until approximately 90 days of age [26] . Whether investment in the repulsion of prospectors generates additional costs by trading off against contributions to care in cooperatively breeding species, as has been suggested to occur in birds with biparental care [13] , is as yet unknown.
Here, we first investigate the patterns of individual contributions to prospector repulsion through the leading of chases of intruding males. Second, we investigate the benefits of investing in prospector repulsion, focusing specifically on the benefits for residents of averting prospector immigrations (takeovers) in terms of the maintenance of group membership and social status. Third, we explore the potential short-term costs of repelling prospectors, by measuring the effect of prospector presence on individual rates of weight gain and contributions to feeding dependent young. We then consider the extent to which these benefits and costs appear to have shaped the observed patterns of contributions to prospector repulsion.
METHODS
(a) Study population The study was conducted at the Kuruman River Reserve (26859 0 S, 21850 0 E) and its surrounding ranch land in the southern Kalahari Desert, South Africa. Details on climate and habitat at the study site are described elsewhere [27] . The meerkats in our study population were habituated to close observation (within 2 m) and individually identifiable by unique dye marks on their fur. Groups were visited at least once every three days from 1998 to 2009 as part of a long-term study, and life-history events such as birth, emigration, immigration and changes in dominance were known almost to the day. The presence of prospecting males at a given group was easily noted owing to their conspicuous behaviour (standing for long periods at the edge of a group, facing them and occasionally slinking towards resident individuals) and the ease with which individuals could be identified as foreign to the focal group through their unique dye marks.
(b) Statistical analyses Analyses were conducted using R (v. 2.13.1 [28] ) with lme4 (v. 0.999375-40 [29] ) and glmmADMB (v. 0.6.4 [30] ) for building linear mixed models (LMMs) and generalized linear mixed models (GLMMs). Details on the model selection method using Akaike's information crietrion (AIC) [31] and on the input variables fitted in each model (i.e. measures of body mass and rainfall) are included in the electronic supplementary material. Here, we report effect size estimates with 95 per cent confidence intervals (CIs) for predictor variables included in the best-fitting model of those considered in each analysis. For all our analyses, individuals were assigned into age categories [20] as follows: pup (less than 91 days of age), juvenile (91-180 days of age), subadult (181-360 days of age), yearling (361 -720 days of age) and adult (more than 720 days of age). Adults were either dominant or subordinate [18, 19] , with all other age categories including only subordinate individuals (rare cases when a yearling was dominant were excluded from our analyses).
(c) Contributions to repelling prospectors
To determine the levels of investment in repelling prospecting males by resident individuals, we conducted behavioural observations of groups when prospectors were present, during the 2008 and 2009 breeding seasons (SeptemberFebruary). We conducted a total of 62 observation sessions ( x ¼ 80 min of observation time, s.d. ¼ 27) across 11 groups and recorded ad libitum each time a prospector was chased (i.e. charged at for more than 2 m) by residents, noting the identity of individuals that led chases. Chases led by individuals less than six months old were extremely rare (1% of chases) and were excluded from our analyses.
We first measured the overall difference between resident males and females in proportions of chases led. The total number of chases led by individuals of each sex (numerator) and the total number of chases recorded per observation session (denominator) were fitted as the proportional response variable in a candidate set of binomial GLMMs with logit link function (for details of terms fitted in each model, see electronic supplementary material, table S1). Chases led by each sex were entered separately into the model, as a single chase could be led by both female and male residents.
A second set of GLMMs was used to determine individual differences among males in the rate at which they led chases (females were excluded given the few chases they led; see §3). We fitted the number of chase leads as the response variable in negative binomial GLMMs (see electronic supplementary material, table S2) that accounted for the duration of each observation session as an offset ( x ¼ 81 min of observation time, s.d. ¼ 26).
(d) Benefits of averting prospector takeovers
To determine the effects of prospecting male immigrations on resident individuals' social status and group membership, we measured changes in group composition a week after an immigration event. We considered all cases when foreign males immigrated into groups (n ¼ 27 groups) with a breeding hierarchy of adult females and one or more adult males (regardless of social status) from 12 years of field observations. We restricted our analysis to the fates of individuals over six months old, based on minimum ages for breeding attempts of both males (observed prospecting or mating) and females (observed mating or pregnant). If resident dominants (n ¼ 27 females and 10 males) remained in their group after the immigration event, we assessed whether they maintained their social status up to three months after the event.
(e) Costs of repelling prospectors (i) Effect of prospectors on the weight gain rates of residents We compared the rates of weight gained by residents on days when foreign males were prospecting at the group with the rates on days when there were no prospectors (within + 14 days of the prospecting event), to assess the potential effect of the presence of prospectors. Rates of weight gain (g h 21 ) were estimated using body mass measurements taken in the mornings before individuals started foraging and again 2-4 h later ( x ¼ 198 min), collected between 2000 and 2009 from 15 groups. These rates (difference in mass divided by time elapsed between measurements) were fitted as the response variable in two separate candidate sets of LMMs for males and females (see electronic supplementary material, table S3).
(ii) Effect of prospectors on the pup feeding rates of residents We compared individual rates of pup feeds on mornings when foreign males were prospecting at the group with the rates on mornings when there were no prospectors (within + 14 days of the prospecting event), to assess the potential effect of the presence of prospectors. Pup feeds [26] per individual were collected ad libitum while groups were foraging with pups (n ¼ 14 groups). The number of feeds was fitted as the response variable in two separate candidate sets of negative binomial GLMMs for males and females (see electronic supplementary material, table S4) that accounted for the duration of each observation session as an offset ( x ¼ 170 min; s.d. ¼ 22.9).
(iii) Effect of prospectors on the weight gain rates of pups Using the method described for our analysis on weight gain rates in (i) and body mass records from the foraging sessions in the pup feed analysis (ii), we determined whether pups also gained less weight per hour when prospectors were present than when absent (see electronic supplementary material, table S5).
RESULTS (a) Contributions to repelling prospectors
Chases were typically led by a single resident individual (range 1-3 leaders; n ¼ 344 chases, of which 234 had a single leader), with males leading a higher proportion of chases than females (figure 1a). Within males, age-corrected body mass had a positive effect on the rate of chase leads (electronic supplementary material, table S7; GLMM estimate 0.49, 95% CI 0.05-0.93), the presence of pups had a negative effect (20.46, 95% CI 20.84 to 20.07) and adults, regardless of social status, led chases at higher rates than subadults (figure 1b), after controlling for the effects of group size and the number of prospectors present (for estimates including interaction term, see electronic supplementary material, table S7).
(b) Benefits of averting prospector takeovers Resident males were more likely than females to be affected by the immigration of a prospecting male within the first week of the event (out of 27 groups there were 18 wherein males lost dominance or emigrated, and only 2 wherein females disappeared; Fisher's exact test: p , 0.001). Nine males lost dominance and 34 subordinate males left their groups permanently within a week after a prospector immigration event, with all dominant males ultimately leaving over the next three months (n ¼ 10 dominant and 89 subordinate males). Only two subordinate females disappeared from their groups within the first week of the arrival of a new male and one female lost dominance to a subordinate in her group during the next three months (n ¼ 27 dominant and 118 subordinate females). Within males, subadults were the least likely to be affected by prospector immigrations (figure 2). (ii) Effect of prospectors on pup feeding rates of residents Males across all age and status categories fed pups at lower rates when prospecting males were present at the group than when there were no prospectors (figure 4a), after controlling for the effects of number of pups foraging with the group (see electronic supplementary material, (20. 75, 95% CI 20.98 to 20.52). By contrast, juvenile females showed a considerable increase in pup feeding rate when prospectors were present (figure 4b).
(iii) Effect of prospectors on the weight gain rates of pups Pups gained considerably less weight per hour of foraging when prospectors were present than when they were not (figure 5), after controlling for the effects of pup age (see electronic supplementary material, table S10; LMM estimate 1.30, 95% CI 0.83-1.76), number of pups (20.20, 95% CI 20.34 to 20.05) and total rainfall in the past month (1.29, 95% CI 0.80 -1.78).
DISCUSSION
Our findings suggest that patterns of individual contributions to cooperative territory defence can be attributed to variation in both the benefits and costs of territorial behaviours, and highlight the potential importance of considering trade-offs in investment between cooperative behaviours. Males invested substantially more than females in repelling prospectors, reflecting the benefits of keeping prospectors at bay: males lost dominance and were likely to be expelled from their groups following prospector immigrations, whereas females were not affected by prospector takeovers. However, territorial defence is likely to be costly, as suggested by the reduction in weight gain for males, but not for females, in the presence of prospectors. Accordingly, males that were heavier for their age were able to invest more in leading chases of prospectors. We also show evidence of an additional cost of conflict with extra-group individuals, which is not restricted to those individuals engaged in chasing: both males and females reduced their contributions to pup feeding when prospectors were present, resulting in a marked reduction in pup weight gain in this context. This finding suggests a trade-off between investment in cooperative territorial defence and cooperative care of young. Indeed, males appeared to adjust their contributions to chasing in light of this cost, leading chases at lower rates when their group contained dependent young. Dominant male meerkats may lose substantial fitness to prospecting males through reductions in not only current [19, 22] but also future reproductive success when prospector intrusions and immigrations are successful. Although we did not directly observe males being expelled from their groups during takeovers, nine of the resident males that lost dominance (including those that permanently left) were unrelated to the dominant female, and therefore unlikely to have left voluntarily [19, 22, 32] . Extra-group male takeovers leading to evictions or even death of resident breeding males have been reported in a number of species where males fiercely defend their territory and mates (e.g. lions, Panthera leo [11] ; golden lion tamarins, Leontopithecus rosalia [2] ). Given that the probability of becoming a dominant male breeder is low and that reproductive success as a dominant is dependent on tenure length [ 19, 33] , repelling prospectors as a way of defending the dominant position may be as important as its function in preventing female extra-group mating. These benefits of investing in territorial behaviours are likely to explain the high rates of chases led by dominant males. Yearling and adult subordinate males were also expelled from their groups within the first week after the successful immigration of a prospecting male. The threat of losing the safe haven from which to conduct forays in search of mating and dispersal opportunities [34] may explain why older subordinate males led chases of prospectors at rates similar to those of dominants. Subordinate individuals of both sexes are also expected to gain greater indirect fitness benefits from helping to raise offspring fathered by the dominant male rather than by the extra-group males, as he is typically their own father [19, 32] . By chasing prospectors, subordinates may therefore be exhibiting an aggressive form of 'mother guarding' [35] , while also contributing to secure their father's tenure as the dominant breeder.
By contrast, the residency and social status of females were rarely affected by male takeovers, suggesting that, unlike males, females stand to gain little direct benefit from repelling prospectors. Indeed, subordinate females may gain direct benefits from tolerating the presence of prospectors by obtaining access to breeding opportunities [19, 32] and, in the case of prospector takeovers, by having an unrelated resident male to partner them if they were to inherit dominance. These direct fitness benefits, coupled with the absence of a clear direct cost arising from male takeovers, probably explain why females contributed substantially less than males to the repulsion of prospecting males. Furthermore, the energetic costs of territorial behaviours may outweigh any potential indirect fitness gain for subordinate females, as females in better condition are more likely to breed [36] . Given that subordinate females are capable of breeding, it is perhaps surprising that the arrival of a new male did not lead to changes in dominance, as has been reported in other species where close inbreeding is avoided (e.g. Damaraland mole-rats, Cryptomys damarensis [37] ). Sharp & Clutton-Brock [38] suggest that in meerkats the probability of subordinate females successfully challenging the dominant female is extremely low and the cost of failure is high. This lack of a threat to the dominant female's tenure may also explain why dominant females invested little in chasing prospectors.
The cost of repelling prospectors was reflected in the changes in weight gain rates of residents in the presence of prospectors: males invested highly in chasing prospectors and suffered reduced weight gain rates, whereas females, who invested little in chasing, were unaffected by the presence of prospectors. These results are in line with what was found in stitchbirds (Notiomystis cincta), where male weight loss during the fertile period of their mate is associated with the effort invested in chasing intruding males [15] . Although dominant males led chases at rates comparable with those of adult subordinates, they suffered substantially greater reductions in weight gain than subordinates, suggesting that they may engage in additional behaviours that detract from foraging Benefits and costs of territory defence R. Mares et al. 3993 during prospector intrusions. Probable increases in other previously reported territorial behaviours (e.g. scent marking [16, 23, 25] ) are likely to have contributed to the 60 per cent reduction in weight gain rate observed in dominant males. Given that prospectors typically follow groups for entire days and visit the same groups repeatedly [39] , these short-term reductions in weight gain among resident males could lead to significant weight loss over the entire breeding season, as has been shown in stitchbirds [15] and several ungulate species [40] . Indeed, our findings suggest that males adjust their contributions to chasing so as to mitigate this potential weight loss cost, as males that were heavier for their age contributed more to chasing than those that were lighter.
Our analyses also revealed evidence of a second cost associated with prospector repulsion, which was not restricted solely to those individuals engaged in chasing. In the presence of prospectors, both male and female group members fed dependent pups at lower rates, resulting in reduced overall rates of weight gain among the pups. Among males, this pattern could reflect an energetic trade-off between chasing and pup feeding, as contributions to pup feeding are state-dependent [20] . Similarly, elevations in testosterone levels could occur among resident males engaged in chasing intruders, and this too could account for their reduced rates of pup feeding [13] . Given that females chased prospectors less frequently than males, it is perhaps surprising that they too showed a reduction in pup feeding rates comparable with that observed in males. The presence of prospectors and the chasing that ensues may disrupt normal foraging and care activities even for residents that do not take an active role in repelling prospectors. Females, particularly those with greater chances of breeding, may prioritize maintaining their own condition rather than feeding pups under these circumstances. Indeed, adult females greatly reduced their contributions to feeding, whereas juvenile (i.e. reproductively immature) females increased their contributions in the presence of prospectors.
While young females appeared to partially compensate for the reductions in pup feeding rates of others when prospectors were present by increasing their own rates, pups still experienced an overall reduction in their rates of weight gain when prospectors were present. Although we have measured only the short-term effects on pup body mass, these reductions in weight gain could have long-term effects if they occur frequently over the breeding season, as pups in better body condition have a higher probability of gaining reproductive success as adults [21] . To our knowledge, this is the first study to demonstrate effects of intrusions on contributions to cooperative care, findings that are suggestive of a trade-off in investment between cooperative behaviours. Indeed, our findings suggest that cooperative contributions to chasing are adjusted so as to minimize this net cost of chasing, as males were less likely to lead chases when dependent pups were foraging with their group.
In conclusion, dominant and older subordinate male meerkats seem to cooperate in territorial defence by chasing intruders. By repelling prospectors, dominant males may secure their top breeding position and reproductive success; males, in general, secure their group membership; and subordinates gain indirect fitness benefits from assisting in this regard. However, territorial defence appears to be costly, as shown by the reduction in weight gain among males, but not among females, in the presence of prospectors. The negative effects of male territorial intrusions also extend to pup weight gain, as feeding rates across individuals of both sexes were lower in the presence of prospectors. Both benefits and costs of prospector repulsion appear to have shaped the patterns of cooperative contributions to territorial defence, as males contributed substantially more than females, did so in a condition-dependent manner and tempered their chasing when simultaneously feeding dependent young. Together, our findings support the view that variation in individual contributions to cooperative behaviour can be attributed to variation in both its benefits and costs, and highlight the additional importance of considering trade-offs in investment between different cooperative behaviours.
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